Abstract -The authors' studies on the organization and variation of plant genome with the use of molecular markers are briefly reviewed with special emphasis on random amplified polymorphic DNA (RAPD), inter simple sequence repeat (ISSR), sequence characterized amplified region (SCAR), and cleaved amplified polymorphic sequence (CAPS) markers detected with the use of polymerase chain reaction (PCR). These markers have been demonstrated to be promising for identifying cultivars and determining the purity of genetic strains of pea. Genetic relationships between strains, cultivars, and mutants of pea have been studied. The role of molecular markers in molecular genetic mapping and localizing the genes of commercially important characters of pea has been shown. The possibility of the use of molecular markers for studying somaclonal variation and detecting mutagenic factors in plants during long-term spaceflights is considered. The prospects of using DNA markers for understanding the organization and variability of higher plant genomes are discussed.
INTRODUCTION
Genomes of higher plants are characterized by large sizes and complex organization. The use of molecular methods of DNA analysis is one of approaches to studying these complex genomes. Molecular markers are currently most often used for these purposes. Molecular DNA markers are polymorphic nucleotide sequences dispersed over the genome whose mutations may be detected by PCR-based techniques.
The introduction of molecular markers into biological studies offered new possibilities for studying genetic diversity and determining genetic relationships within and between species.
The use of molecular DNA markers is very promising for detailed chromosome mapping, identifying and cloning genes, and constructing new plant cultivars. Variants of DNA amplification with arbitrary and specific primers allowing the rapid detection of numerous variable loci throughout the plant genome are widely used.
METHODS OF DNA ANALYSIS

RAPD Markers
The random amplified polymorphic DNA (RAPD) method [1, 2] is one of the most widely used approaches for revealing genetic polymorphism in plants. This method is based on polymerase chain reaction (PCR) with arbitrary single primers nine to ten nitrous bases in length with a predominantly G/C composition (60-80%) and relatively low annealing temperatures. Usually, RAPD primers yield three to fifteen amplification products [3] . The DNA regions amplified by the RAPD method are scattered over the genome; most of them are repetitive nucleotide sequences [2] .
This method has the advantage of technical simplicity and rapidness. It requires neither information on the DNA sequence nor large initial amounts of DNA [4, 5] . The method does not use radioactive substances, is inexpensive, and can be automated [6] .
ISSR Markers
Beginning from 1994, PCR-based inter simple sequence repeat (ISSR) analysis [7] has been used in molecular marking. Oligonucleotide primers used in PCR consist of repetitive units and the so-called anchor at the 3' or 5' end. The amplified DNA fragments are located within a relatively small region between two microsatellite sequences. The repetitive units comprise one to five nucleotide pairs. The method does not require preliminary information on the DNA sequence analyzed [7, 8] . The PCR using ISSR primers yields a set of intermicrosatellite DNA fragments of various lengths. The ISSR analysis has as high a resolution as the RAPD method while ensuring better reproducibility of the spectrum (since the primer is longer and complementary to the microsatellite region). The method is promising for genomic mapping and marking agriculturally important characters [9] [10] [11] .
SCAR Markers
Sequence characterized amplified region (SCAR) markers [12] are PCR-based molecular markers originating from individual RAPD fragments but identified with the use of long, specific primers.
To obtain specific SCAR markers, polymorphic RAPD or ISSR fragments are cut out of the gel, cloned, and sequenced. After the sequencing, SCAR primers (usually 20-25 bases in length) are selected for the terminal regions of the fragments.
When RAPD markers are transformed into SCAR markers, a fragment may be amplified that is a dominant marker and exhibits a polymorphism similar to that of the original RAPD marker (i.e., it is amplified only in the same samples as the original RAPD fragment is) [13, 14] . In the case of dominant SCAR markers, when the only fragment is amplified in some DNA samples but not in others, the analysis can be performed in terms of presence/absence. SCAR markers may be codominant if insertions or deletions appear between primer binding sites in one genotype compared to another [15] .
These markers were successfully used for identifying and mapping the genes of resistance to various diseases of lettuce [12] , tomato [16] , and wheat [17] .
CAPS Markers
The cleaved amplified polymorphic sequence (CAPS) method [18] belongs to the STS group. The method uses so-called secondary markers, which are flanked by two primers synthesized on the basis of a known DNA sequence (e.g., SCAR fragments). They specifically amplify single DNA fragments; however, polymorphism is observed if these fragments are cleaved by one or several restriction endonucleases. This method was effectively used for obtaining molecular DNA markers in Arabidopsis, which proved to be ecotype-specific [19] .
The CAPS method has some advantages over random-replicon methods, primarily, codominant inheritance and high reliability. In addition, the use of CAPS markers makes it possible to determine the correspondence between the genetic and physical chromosome maps, because the physical positions of loci of a given type is usually known before their use in genetic analysis. This method is not sensitive to the amount of the DNA template and is inexpensive.
REVEALING PEA GENOME POLYMORPHISM USING DNA MARKERS To date, the RAPD method is the most common approach to identifying DNA polymorphisms in plants [20] [21] [22] .
The sets of reaction products, i.e., RAPD spectra comprising DNA fragments of different lengths, allow the researchers to detect differences between the genomes of closely related organisms. These fragments are specific genomic markers and allow polymorphisms to be found in numerous loci over the entire genome. Therefore, it is not surprising that RAPD analysis reveals more genetic polymorphisms than other methods do.
The RAPD method was used to determine that different cultivated plants differ from one another in genetic variation rate. For example, the degree of DNA polymorphism in various cultivars of cross-pollinators (e.g., maize and sunflower) was found to be higher than in self-pollinators (e.g., barley and soybean) [23] . The RAPD analysis of barley, potato, and plants from the mustard and legume families demonstrated that differences between cultivars were considerably larger than those between species [20] [21] [22] .
Molecular markers were first used to study the genome of pea, a classic genetic object, in the early 1990s [24] . In our laboratory, DNA markers have been used since the late 1990s [25, 26] . The objects of the first RAPD analysis of plant genomes in Russia were cultivars, strains, and mutants of pea from the collection of the Department of Genetics of Moscow State University with the use Jacquard's coefficient as a measure of genetic similarity. The divergences between mutants and original cultivars, between different strains, and between cultivars were found to be 9, 28, and 35%, respectively.
In this study, RAPD markers were found that were present in the spectrum of one cultivar and absent in the spectra of all others. These markers can be used for identifying pea cultivars.
Subsequent studies [27, 28] confirmed the high intraspecific polymorphism, i.e., large differences between pea cultivars, strains, and mutants; six cultivar-specific RAPD markers were found that can be used for the certification of pea cultivars.
Our further studies on the genetic polymorphism of the pea genome with the use of DNA markers demonstrated that each pea genotype was characterized by its own specific RAPD spectrum (Fig. 1) [29, 30] . On the other hand, the results showed the absence of polymorphism within each strain.
We performed special experiments to test the inheritance of some polymorphic RAPD fragments (B474#800, B474#550, Pr10#820, Pr10#660, and Pr10#340) characterizing individual genotypes of pea (Figs. 1a, 1b) . The RAPD method was used to study the F 1 and F 2 hybrids between plants polymorphic for these fragments. The results of these experiments showed that the RAPD fragments studied were dominant Mendelian characters, which agrees with data reported by other authors [20] and the results of our earlier studies [27] .
In order to estimate quantitatively the polymorphism found in the study [30] and the genetic divergence between different strains, cultivars, and mutants of pea, we presented the data in the form of a matrix of the states of 90 binary characters and used them to calculate genetic distances. The mean divergence between different cultivars of pea was 18.7%; the mean divergence between genetically related mutants and culti- GOSTIMSKY et al . vars, 7.6%. These data agreed with our previous results [26] .
We used the matrix of the differences between all pea strains, cultivars, and mutants examined to construct the tree reflecting the degrees of differences between the RAPD spectra of the object studied (Fig. 2) . The unweighted pair-group method with arithmetic averages (UPGMA) was used. As seen from Fig. 2 , reliable clusters with high bootstrap values (73-100%) were formed by mutants and original cultivars (cultivar Viola clustered with its mutant Vio-V; cultivar Kapital, with mutants Khl-7 and R-13; and cultivar Rannii Zelenyi, with mutants W-2 and Khl-18). The substantial intraspecific genetic polymorphism found in this study provides a reliable basis for planning effective crosses used in experiments on mapping the pea genome. In addition, RAPD-based genotyping allowed us to detect cases of large genetic differences between cultivars and mutants obtained from them. The finding of differences in polymorphic loci between forms that are so close to one another is of special interest as it indicates the large scale of genetic rearrangements caused in plants by mutagenic factors.
Careful selection of RAPD primers and RAPD fragments for identifying different genotypes of pea, as well as adjustment and standardization of the PCR conditions using the selected primers, made it possible to obtain highly reproducible results and raise the question of the development of inexpensive, rapid, and effective technologies of the certification of pea cultivars, strains, and hybrids with the use of RAPD markers.
Studies on the identification of various genotypes of pea with the use of DNA markers based on PCR with specific primers are underway in our laboratory. Attempts to use SCAR and CAPS markers in these studies showed that this approach offers even a more precise and effective method of genotype certification than the RAPD method [30, 31] .
In contrast to RAPD markers, SCAR and CAPS markers permit detecting chromosome regions that yield electrophoretic spectra with a few distinct bands among the regions that have already been characterized in detail and, in many cases, mapped. In addition, all CAPS and many SCAR markers are inherited as codominant characters, which considerably increases their resolution as the means of genetic analysis.
Sequencing some RAPD fragments of the pea genome demonstrated that a part of the nucleotide sequence of one fragment, B474#550, was homologous to the noncoding region of the chalcone synthase gene of pea. Another part of this fragment is homologous to one of repeats of the pea genome. Comparative analysis of translated sequences demonstrated that the presumptive protein products of the repetitive element were homologous to different proteins of retrotransposons of Arabidopsis, rice, and maize [29] .
A part of the sequence of another fragment, E16#840, was homologous to different parts of some repeats in the genomes of pea and other legumes. Analysis of amino acid sequences of proteins showed considerable homology between the presumed translation products of the E16#840 fragment and the translation products of retrotransposons of rice, Arabidopsis, and wisteria. Judging from these homologies, the E16#840 fragment may be a part of a retrotransposon or a ret- rotransposon-like nucleotide sequence of the pea genome.
A part of the nucleotide sequence of the R06#1100 fragment was found to be homologous to a part of the polyprotein gene of a retrotransposon of Medicago sativa. The search for homology in the databases of protein sequences confirmed that a part of the R06#1100 fragment was most likely to be a part of a pea retrotransposon.
The results obtained indicate that the pea genome contains many retrotransposons. This agrees with published data on a high frequency of retrotransposons in plant genomes [32, 33] , including the pea genome [34] [35] [36] . The nucleotide sequences of the R06#470, K8#620, E16#840, D6#550, Pr10#340, and R06#1100 fragments are contained in the GenBank database (http://www.ncbi.nlm.nih.gov) and are available at accession numbers AY303675, AY303676, AY303677, AY303678, AY303679, and AY303680, respectively.
GENETIC MAPPING USING MOLECULAR MARKERS
Most genetic maps of various plant species are based on morphological markers, the number of which is limited. The accurateness of genetic maps has increased by many times during the past 15 years owing to the use of molecular markers, which reveal polymorphism directly in DNA and permit a rapid analysis of segregation with respect to numerous loci on the basis of the standard genotyping procedure. The maps of linkage groups for more than 30 plant species have been constructed using these markers [37] . DNA markers are used both for creating new genetic maps and for improving the resolution of those already existing [9] .
The genetic map of pea is now being studied and corrected. Therefore, we performed a study aimed at the search for, and identification of, new molecular markers and the construction of the genetic map of pea for mapping the loci of qualitative and quantitative characters in two crosses (L-1238 × Chi115 and L-1238 × Flagman). It was important not only to create one more molecular genetic map, but also to combine it with the linkage maps of pea published earlier [38] [39] [40] .
The analysis of F 2 hybrids with respect to more than 200 polymorphic loci found using the RAPD, ISSR, SCAR, and CAPS methods allowed us to obtain the first genetic map of pea in Russia that contained seven linkage groups. It had a resolution of 12.6 cM and a total length of 1262 cM (Fig. 3) . About 46% of the intervals of this map were shorter than 10 cM, and only 17% were longer than 25 cM. This map of linkage groups of the pea genome contains no fewer molecular markers than the maps constructed previously, and permits localizing new loci determining important qualitative and quantitative characters of pea. Some of the markers that we mapped were previously used by other authors [38, 39] ; therefore, we compared the genetic map obtained in this study with versions published earlier [41, 42] .
Polymorphism within the introns of the sequenced genes of pea detected by the CAPS (PCR-RFLP) method is being intensely searched for. The set of markers of this type is highly reproducible; hence, it can serve as a universal system for localizing new genes that can be used in any laboratory. If necessary, all cases of nucleotide substitution can be detected in automated systems for rapid genotyping by the microarray method [43] . To date, nine new CAPS markers have been created and localized. They have been integrated into the genetic linkage map along with ten markers from the study [40] (the polymorphism of the strains used with respect to these markers was described for the first time in [31] ). The development of the set of CAPS markers for localizing genes throughout linkage group III has been almost completed (unpublished data). The information on all CAPS markers, including the table of their allelic states in different strains and cultivars, is inputted into a database, which facilitates the exchange of information between research groups. The development of genetic maps of pea saturated with markers serves as the basis for planning applied studies on the genetics and breeding of important cultivated plants. The use of molecular markers for fine genetic mapping of pea chromosomes makes it possible to combine molecular and genetic maps and approach cloning and sequencing of individual genes of pea determining its commercially valuable characters.
MARKING THE GENES DETERMINING COMMERCIALLY VALUABLE CHARACTERS
The creation of detailed genetic maps allows the identification of molecular markers closely linked to the genes of qualitative and quantitative characters, such as grain weight, protein content, flowering time, morphological parameters, and resistance to diseases and agricultural pests. The conferring disease and pest resistance is one of the main problems of plant breeding.
One of the applications of molecular markers linked to commercially important plant genes was suggested in the course of studies on lettuce populations segregating with respect to genes of the resistance to powdery mildew. This method is called bulked segregant analysis (BSA) [44] . In this method, mixtures of DNAs obtained from several representatives of segregating plant populations are used as matrices for RAPD analysis. To create two such mixtures, DNAs from several plants phenotypically differing in one binary character and homozygous for the locus determining this character are used; therefore, these mixture differ from each other only with respect to the genomic region studied. Therefore, all polymorphic products revealed by RAPD analysis must pertain to the DNA region linked to the gene studied. This strategy was used to identify markers linked to locus nor (fruit ripening) in tomato [45] .
The RAPD method and BSA were used to identify a marker linked to the shm-1 gene (resistance to mosaic virus) in the pea genome [46] and to find closely linked DNA markers for several genes of symbiogenesis [47] .
We used BSA to identify RAPD markers linked to genes A (the presence of anthocyan pigmentation), B (the color of anthocyan pigmentation), I (cotyledon color), and S (seed adherence, and two mutations affecting chlorophyll biosynthesis ( chi115 and xa18 ) [48, 49] . In general, BSA is one of the most promising methods permitting the rapid identification of many DNA markers linked to the genes studied, which is an important prerequisite for targeted studying the corresponding loci [50, 51] .
In our study, a population of F 2 hybrids comprising 223 plants obtained from crossing the chi115 pea mutant (mother plants) and the marker strain L-1238 was studied in order to localize the chlorophyll mutation of pea affecting the structure and functions of the genetic apparatus [41] . Originally, BSA using 46 RAPD and 10 ISSR primers was performed to identify the DNA markers linked to the chi115 gene.
We identified three RAPD markers closely linked to the chi115 gene (D6#550, K10#830, and K10#950). Another nine RAPD and two ISSR markers belonging to this chromosome region have been identified when studying the DNAs of 130 individual F 2 plants. The treatment of these data using the Mapmaker/EXP 3.0 software with a threshold of LOD = 3.0 yielded the genetic map of the region studied (Fig. 4) .
If the LOD-score threshold was decreased to 2.00, several DNA markers linked to the chi115 gene appeared to be associated with the b marker gene located in linkage group III and determining the color of the flower [38] . To prove that the markers belong to linkage group III, we used three STS markers preliminarily localized to this chromosome [40] . For these markers ( Sodmt, TubA1 , and Rb ), polymorphism with respect to the Ksp 22I, Taq I, and Rsa I restriction endonuclease sites, respectively, was found. The codominant inheritance of these markers was confirmed. The data on CAPS segregation were used for the genetic analysis of the population of F 2 hybrids. The analysis demonstrated that all the three markers were linked to the chi115 gene and two of them ( Rb and TubA1 ) were linked to one another, which agrees with published data (Fig. 4 ).
All these data taken together allow us to conclude that the chi115 gene is located in the upper arm of linkage group III and can be included into the genetic map of pea chromosomes. This mutation, which is interesting per se in terms of studying the genetic control of photosynthesis, can be also used as a new marker of the pea genome in further studies on genetic mapping. The given fragment of linkage group III covers about 137.6 cM, the mean distance between markers being 8.1 cM.
The above data allowed the comparison the genetic lengths of individual fragments of linkage group III with the consensus map of pea chromosomes [38] . In addition, the results obtained were important as a prerequisite for the positional cloning of the gene involved in the control of chlorophyll synthesis. These data also made it possible to begin studies on localizing the genes of quantitative characters in this region.
Cheghamirza [42] performed this study in our laboratory demonstrating that linkage group III of pea contained several loci for quantitative characters(stem height, seed number, and seed weight). Thus, the results of our studies show the importance of molecular markers for the detailed mapping of pea chromosomes and their role in the construction of an integrated molecular genetic map of chromosomes of this plant.
STUDYING DNA POLYMORPHISM IN CALLUS CULTURES AND REGENERANTS OF PEA AND MAIZE
The genetic variation expressed in in vitro cultures of plant cells and tissues is termed somaclonal varia- LG I
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LG VII Unrec. 1 tion. This variation has been found in many plant species and is a source of genetic diversity [52, 53] .
The results of several studies have demonstrated that somaclonal variation is hereditary [54] [55] [56] . Apparently, the mechanisms of somaclonal variation are related to disturbance in intercellular interactions. Various genomic changes accompanying this process have been described, the most common of them being chromosome aberrations, transpositions of transposable elements, and the rearrangements of the ratio between repetitive and unique nucleotide sequences [57] .
Researchers performing traditional genetic analysis of regenerant plants identify only the changes in genetic material that lead to noticeable phenotypic changes. We may assume that the true genetic variation in in vitro cultures is substantially larger than the observed one.
The main problem with the studies on somaclonal variation is the necessity to develop reliable methods for determining significant genetic differences between regenerants and the corresponding original strains.
We used the RAPD method for studying genetic polymorphism in the offspring of pea regenerants (somaclones) isolated from callus cultures [58] . Figure 5 shows the RAPD spectra of different strains of pea and somaclones obtained from cultivar Rannii Zelenyi. The data on polymorphism were treated by the UPGMA to construct a tree reflecting the degrees of differences between the genotypes of plants studied (Fig. 6) . The divergences between pea strains originating from different cultivars and between different somaclones originating from the same cultivar estimated by Jacquard's coefficient were 23-38%.
The high genetic polymorphism that we found in the offspring of regenerants isolated from callus cultures of the same cultivar indicate considerable genetic changes that may have been appear during in vitro culturing of cells and tissues. This finding motivated us to study somaclonal variation in more detail with the use of molecular markers. In subsequent studies on pea cell cultures, we used calluses of different pea genotypes cultured for long periods of time (more than a decade). We obtained primary regenerant plants form these calluses and thoroughly analyzed their differences from the original plants. In these regenerants (the R 0 generation), we found changes affecting both qualitative and quantitative characters [59, 60] .
Studying regenerants with the use of molecular markers (RAPD and ISSR) demonstrated that the degree of genetic changes depended on the original genotype. For example, even the genetically close strains R-9 and W-1 obtained from the same cultivar (Rannii Zelenyi) differed in genetic divergence. This value was no higher than 1% in W-1 regenerants and varied from 0.7 to 5% in R-9. In regenerants of cultivar Viola, the divergence was as high as 15%.
We also found considerable genetic variation, i.e., differences at the DNA level, between the offspring of regenerant plants (somaclones) and the original strain, in regenerants of maize [61, 62] . We used RAPD and ISSR markers to determine genetic differences between regenerants obtained from callus cultures and the original maize strain A188. Analysis of polymorphism with the use of 38 RAPD and 10 ISSR primers showed that the differences between the somaclones studied and the original strain varied from 6.5 to 23%. The regenerants obtained from callus cultures formed two clusters according to their origin. We found that the regenerants isolated after eight months of callus culturing exhibited larger differences from the original strain and from one another than the regenerants obtained from two-monthold callus cultures.
Our study on the molecular markers of regenerants was the first to identify specific RAPD and ISSR markers each of which was present in only one somaclone, but not in other somaclones or the original strain of maize. Six specific fragments were used to create SCAR markers. Five SCAR markers entirely confirmed the specificity of polymorphism obtained using arbitrary primers [62, 63] .
After cloning the polymorphic fragments, their primary nucleotide sequences were analyzed. The most interesting results were obtained when analyzing the nucleotide sequences of the M-10 SCAR fragment in ten somaclones of maize [62] . We found that this fragment contained the well-known retrotransposon Opie-1 5'-LTR and a part of the gene corresponding to the mRNA of ribosomal protein L26. The M-10 sequence homologous to this protein had a 23-bp deletion causing a reading-frame shift; in addition, there was a discrepancy between the sequences of the fragment and the protein at the end of the coding region [64] .
When comparing the nucleotide sequences of SCAR markers QR and QR-A characteristic of the somaclones and the original strain of maize, respectively, a long deletion was found in QR. The analysis of the nucleotide sequences of the peroxidase gene region in the R11 somaclone and the original strain A188 demonstrated the presence of point mutations.
These results indicate that in vitro culturing of cells is often accompanied by mutations affecting the structure of retrotransposons. These mutations have no distinct phenotypic expression but may disturb the control of expression of many genes.
To obtain information on the nucleotide sequences of RAPD markers of pea, we cloned and sequenced three fragments of the Ch-6 somaclone. The analysis of the nucleotide sequence demonstrated an 80% homology between the B474#450 fragment and a 5180-bp region of the pectin methylesterase gene of pea [48] .
The results of our studies on the molecular marking of pea and maize regenerants agree with data of other authors. For example, Brown et al. [65] used RAPD analysis to study genetic differences between wheat plants obtained from tissue cultures and plant grown from seeds. They found differences both between cell cultures at different stages of culturing and between phenotypically similar regenerants. The same research group performed the RAPD analysis of protoplasts isolated from transformed tobacco plants. They found that a unique spectrum of amplified fragments corresponded to each protoplast. These studies demonstrated that RAPD analysis can be used for genetic characterization of individual plant genomes even in single cells.
The RAPD method was also used for determining the genetic variation of somaclonal variants of tomato grown on nutrient media differing in hormone content [66] . The clones grown on different media exhibited considerable polymorphism. The polymorphism was larger in the regenerants obtained calluses that had been cultured for a long time (more than two years) than in those obtained from young embryonic cultures. Therefore, it was concluded that a cell culture was a highly mutable system. Thus, studies on pea and maize cell cultures yielded new data on the methods for maintaining and studying plant morphogenic calluses cultured for long periods of time, which retain a high regeneration capacity for many years. It was demonstrated that DNA markers (RAPD and ISSR) may serve as molecular tools for rapid and sufficiently reliable detection of genetic differences between the original plants and regenerants obtained from calluses cultivated for long periods of time. First specific SCAR markers were identified that were characteristic of each individual somaclone of pea and maize, which will help to understand the mechanisms of somaclonal variation in plants [67] .
Since molecular markers can reveal changes in the plant genome when culturing cells in vitro [26, 60, 62] , we used these markers to analyze genomic variation in plants growing at orbital stations during long-term spaceflights.
We preliminarily estimated the possibility of longterm culturing of higher plants under spaceflight conditions studying the effects of microgravity and cosmic rays on plant genomes. For this purpose, we selected, from the genetic collection of pea at the Department of Genetics, two marker dwarf strains suitable for growing in the "greenhouse" at the International Space Station. The tests performed there made it possible to obtain three successive generations of "space" plants, which was the first such succession ever obtained under 
CONCLUSIONS
The data on the use of PCR-based DNA markers reviewed here show that this approach is increasingly widely used due to its simplicity and efficiency. DNA markers are used to determine genetic relationships between closely related plant species, which is a good supplement to traditional methods.
These markers are very effective for intraspecific comparison between different genomes and make it possible to detect genetic differences between varieties, cultivars, strains, and even individual plants of the same species. The detection of intraspecific differences at the level of DNA markers is of great practical importance for characterization of different strains and obtaining heterosis forms of plants.
The use of DNA markers offers an insight into the mechanisms of somaclonal variation. The considerable changes that many researchers have found in the RAPD spectra cultured plant cells and regenerants obtained from these cells demonstrate a high mutability of cell cultures.
Molecular DNA markers are also successfully used for filling up gaps in genetic maps. Improvements in the DNA marker technique offer new possibilities of the identification and analysis of commercially important genes determining valuable qualitative and quantitative characters of plants.
To summarize our brief review, it should be noted that PCR-based molecular markers penetrated many fields of genetic and breeding research and, along with other approaches currently employed by genomics, form the methodical basis of studying the structural and functional organization and variability of plant genomes. 
